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Extended Table 1

sgRNA and the oligonucleotide primer pairs used in this study.

Taget gene Cas9 sgRNA Target site Sequence PAM sequence
F9 Streptococcus Exon 8 GGTTTCCCGGTACGTCAAC TGG
pyogenes
F9 Staphylococcus sgRNA-1 Exon 8 TCAACAAAGGGAGACAGGCTT CCATTC
aureus sgRNA-2  Exon8 CAGTACCTTAGAGTTCCACTG GTGGAT
sgRNA-3  Exon 8 TAAGGTTTCCCGGTACGTCAA CTGGAT
F9 Staphylococcus sgRNA-1 Intron 1 TTGATCCCGAGGGTCTATACA GTGAAT
aureus sgRNA-2  Intron 1 CAGGAGACCAGCCGATTTTCT GGGGAT
sgRNA-3  Intron 1 TCCCTCACCACTAAGACGTGC TTGGAT
Serpincl Staphylococcus sgRNA-1 Exon 8 GAGGAAGGCAGTGAAGCAGCA GCGAGT
(antithrombin)  aureus
Target DNA Sequence
Surveyor Assay

Exon 8 of mouse F9

Intron 1 of mouse F9

Exon 8 of mouse
Serpincl
Exon 3 of mouse
Serpincl
Real time gPCR
SV40 polyA

Deep sequencing

5'- TCAGGAGAGGAAGTCATGC -3'

5'- CCAAACTGGCCTGTGAGAAA -3

5’- GGGAGATTGATTCGGGTTTG -3'

5'- CCTTGTCTGGGGTTTTCTGA -3'
5'- GATCACTGGGTGTCTTTCCA -3'

5'- AACTGGGCAAATGGGAGAG -3'
5'- AACAGTGGCATTACTCCCCA -3

5
R
F
R
F 5'- GTGGTAGTGATAGCTGGGAT -3'
R
F
R

F 5'- AGCAATAGCATCACAAATTTCACAA -3'

R 5'- CCAGACATGATAAGATACATTGATGAGTT -3'

probe  5'- AGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTC -3'

Exon 8 of mouse F9 F 5'- TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTGATCAGTGAAGCCAACCAGACTGGG -3'*
5'- GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCCTTCACACGAATCTTTGCCTCCTTC -3'*
Exon 8 of mouse F9 F 5'“TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGNNNNNNNNGTAACACCTATCTGTGTTGCCAAT
(HDR frequency) AGGG-3"**
R 5'- GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCTGTAAAGGGCATCACCCATTTTCAAT -3'
Detection of HDR
and NHEJ
5’- GGGATCTACACCAAAGTGAG -3'
R 5'- CCAAACTGGCCTGTGAGAAA -3
Detection of coF9
mRNA
F 5’- ATGAAGCACCTGAACACCGT -3'

R 5’- CCAGTTCACGTATCTGCTCA -3'

*QOverhang adapter sequences were appended to the primer pair sequence (underline). ** NNNNNNNN means barcode sequence. coF9,

codon-optimized F9



Extended Table 2 Frequency of F9 genomic sequences in liver with the administration of AAV vector encoding SaCas9 and sgRNA for

F9 (Exon 8).

Genomic DNA sequence sgRNA2 (%)
AAGGGAGACAGGCTTCCATTCTTCAGTACCTTAGAGTTCCACTGGTGGATAGAGCCACAT 334
AAGGGAGACAGGCTTCCATTCTTCAGTACCTTAGAGTTCCA--GGTGGATAGAGCCACAT 19.8
AAGGGAGACAGGCTTCCATTCTTCAGTACCTTAGAGTTCCA-TGGTGGATAGAGCCACAT 6.38
AAGGGAGACAGGCTTCCATTCTTCAGTACCTTAGAGTTCCAACTGGTGGATAGAGCCACAT 5.06
AAGGGAGACAGGCTTCCATTCTTCAGTACCTTAGAGTTCCA---GTGGATAGAGCCACAT 333
AAGGGAGACAGGCTTCCATTCTTCAGTACCTTAGAGTTC--CTGGTGGATAGAGCCACAT 2.29
AAGGGAGACAGGCTTCCATTCTTCAGTACCTTAGAGTT---CTGGTGGATAGAGCCACAT 1.52
AAGGGAGACAGGCTTCCATTCTTCAGTACCTTAGAGTTCCATCTGGTGGATAGAGCCACAT 1.36
AAGGGAGACAGGCTTCCATTCTTCAGTACCTTAGAGTTCCA---~-TGGATAGAGCCACAT 1.13
AAGGGAGACAGGCTTCCATTCTTCAGTACCTTAGAGTTCCA=——=== GATAGAGCCACAT 1.09

* Table shows sequences more than 1%. Underline and bold mean sgRNA and PAM sequence, respectively.
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Extended Fig. 1. Generation of haemophilia B mice by injection of sgRNA and SpCas9
mRNA into zygotes

(A) Schematic diagram of sgRNA targeting exon 8 of mouse F9. (B) Method to generate
CRSPR/Cas9-mediated haemophilia B mice. sgRNA and SpCas9 mRNA were injected into
zygotes and transferred into pseudo-pregnant female mice. (C) Cas9-mediated cleavage of F'9
in founder mice detected using the Surveyor™ nuclease assay. Red arrows represent a
mutation. (D) Plasma levels of FIX:C in founder mice positive for the Surveyor”™ nuclease

assay. (E) Sequence of the 9 locus in F2 male mouse derived from a founder.
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Extended Fig. 2. Comparison of promoter activity between HCRhAAT promoter and
TBG promoter

AAVS8 vector expressing luciferase under control of a chimeric promoter (HCRhAAT; an
enhancer element of the hepatic control region of the Apo E/C1 gene and the human
anti-trypsin promoter) or thyroxine-binding globulin (TBG) promoter was intravenously
injected into 7-week-old C57BL/6J male mice (1 x 10" vector genome/body). (A) In vivo
bioluminescence images were obtained using an IVIS Imaging System at 14 days after
administration. (B) /n vivo bioluminescence of mice was quantified (photons/s). Values are
mean + SEM (n=3).



Extended Fig. 3. Expression of SaCas9 in hepatocytes and histological analysis of the

liver from mice treated with AAV vector expressing SaCas9

AAV vector expressing SaCas9 and sgRNA targeting F9 was intravenously injected into
C57BL/6J mice. (A) SaCas9 expression in the liver was assessed by immunohistochemical
analysis at 12 weeks after vector injection. (B) Liver sections at 12 weeks after vector
injection were stained with haematoxylin and eosin. Sections were observed with an
all-in-one microscope (BIOREVO BZ-9000; KEYENCE, Tokyo, Japan) at x400
magnification. Higher magnifications of the boxed regions are shown in right-hand images.
Scale bars, 50 um. Control (a and d): C57BL/6J mouse without AAV administration; Low
dose (b and e): C57BL/6J mouse treated with 3 x 10'" AAV vector genome/body; High dose
(c and f): 1 x 10" AAV vector genome/body.
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Extended Fig. 4. Liver-specific genome editing using the AAV8 vector

AAVS vector expressing SaCas9 and sgRNA?2 targeting F'9 was intravenously injected into
C57BL/6J mice (1 x 10'? vector genome/body). Cas9-mediated cleavage of F9 in indicated
organs was assessed using the Surveyor”™ nuclease assay at 12—16 weeks after vector injection.

Control was DNA from non-treated C57BL/6J mice. Red arrows represent a mutation.
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Extended Fig. 5. Surveyor® assay of potential SaCas9 off-target sites

AAVS vector expressing SaCas9 and sgRNA2 targeting F'9 was intravenously injected into
C57BL/6J mice (1 x 10'? vector genome/body). Cas9-mediated cleavage of 28 potential
off-target sites was assessed using the Surveyor” nuclease assay. The same liver genomic
DNA confirming non-homologous end joining were assessed (Mouse 1 and 2). Control was
liver DNA from non-treated C57BL/6J mice.



Extended Fig. 6. Determination of sgRNA sequences targeting F9 intron 1

(A) NIH-3T3 cells were transduced with plasmid vector expressing SaCas9 driven by
cytomegalovirus promoter and each sgRNA targeting 9 intron 1. Cas9-mediated cleavage of
F9 was assessed using the Surveyor” nuclease assay. (B) AAVS vector expressing SaCas9
and sgRNA3 targeting /9 intron was intravenously injected into 7-week-old C57BL/6J male
mice and Cas9-mediated cleavage of F9 in the liver was assessed using the Surveyor”™
nuclease assay. Control was liver DNA from non-treated C57BL/6J mice. Red arrows

represent a mutation.
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Extended Fig. 7. Genotyping of /9 locus with HDR and insertion of template at DSB
(A) The F9 locus was targeted by HDR and the direct insertion of template by creating a
DSB in F9 intron 1 via SaCas9 expression and supplying an AAVS donor template. (B, C)
Haemophilia B mice treated without (Control) or with AAV8-SaCas9 (intron 1) and
AAVS8-Targeting (Mouse 1 and 2). (B) PCR analysis of liver genomic DNA to examine HDR
and insertion at DSB at 6 weeks after vector injection. Genotyping using primers (black small
arrows) can distinguish HDR and the insertion by-product size. (C) RT-PCR of liver RNA to

confirm expression of codon-optimized 9 mRNA from the targeted genome sequences.



Wild type DNA (%): 100 50 75 90 95 99
Mutated DNA(%): 0 50 25 10 5 1

Extended Fig. 8. Sensitivity of the Surveyor® nuclease assay to detect the mutation

PCR products of F9 liver DNA obtained from C57BL/6 mice were mixed with those of
haemophilia B with the mutation at the indicated ratio. The mixed samples were denatured
and re-annealed using a thermal cycler, and then treated with Surveyor” nuclease. DNA
fragments were analysed using agarose gel electrophoresis. The assay could detect 5% of

mutations.



